ABSTRACT -We investigate, in this paper, the performance of service disciplines in General Packet Radio Service (GPRS) system. The GPRS system is a new additional GSM service, which provide packet switched data services over GSM network and a packet access to data networks. Using either best effort service or guaranteed performance service, the service discipline affects considerably the MAC layer performance.
I. Introduction
The current data networks do not assure no more the increasing demand for mobile data communications and the recent developments of mobile data applications. In order to satisfy these new developments and demands, the system GPRS is currently being standardized by European Telecommunications Standards Institute (ETSI) as a new additional data bearer service of GSM. The GPRS technology is supposed to be an important step towards the Universal Mobile Telecommunications System (UMTS). Accordingly, the GPRS performance analyses have to take into account the UMTS evo!ution. The physical channels, available in a GSM cell, are dynamically shared between GPRS service and other GSM services and the ones associated with GPRS are called Packet Data Channels (PDCHs).
The radio interface of GPRS system is defined in [6] and an overview is given in [5-7-81 . The higher layer is called SubNetwork Dependent Convergence Protocol (SNDCP). It maps network level characteristics onto the ones of the underlying network. Under the SNDCP, the Logical Link Control (LLC) layer provides a highly reliable ciphered logical link between the tow entities. The lower layers of GPRS radio interface are Radio Link Control (RLC), Medium Access Control (MAC) (defined in [l] ) and the physical layers. The RLC layer performs the segmentation and re-assembly of LLCPDUs into RLC data blocks. Besides, it provides an acknowledgment mechanism based on selective repeat ARQ protocol [SI. In order to ameliorate this mechanism performance, an efficient modification is proposed in [3-71. The procedures defined at MAC layer enable multiple Mobile Stations (MS) to share a common transmission medium, which may consists of one or several physical channels i.e., PDCHs. The physical layer provides services for information transfer over physical channels between the MS and the network. In this paper, we centralise our studies on MAC layer procedures and particularly on the scheduling issue. In figure I , the layers of radio interface in GPRS system are exhibited. The basic radio packet in GPRS is the RLCiMAC data block, called simply data block. It uses a sequence of four timeslots on a PDCH, called block period, to be transmitted [I] . A Temporary Block Flow (TBF) is a physical connection used to support the transfer of a number of data blocks. To each TBF, a Temporary Flow Identity (TFI) is assigned. By including the TFI in each data block, the multiplexing of blocks destined for (or originated from) different MSs on the same PDCH is performed. New types of packet data logical channels are defined and mapped dynamically onto a 52-multiframe [6] . They include Packet Broadcast Channels (PBCCH), Packet Common Control Channels (such as: Random Access (PRACH) and Access Grant (PAGCH)) and traffic channels.
The material in this paper is organized as follows. The next section contains a rapid description of resource allocation in GPRS system and the MAC procedures for uplink and downlink transmissions. The third section specifies the scheduling point and proposes different mechanisms. The proposed algorithms depend on the medium access modes defined in GPRS for uplink and downlink traffic. They can be used for different packet switching wireless networks. The quality of service in GPRS and criteria of performance are introduced in the forth section. The fifth section exhibits some trafic applications and describes the WWW model used in the simulations. The QoS and applications described in the forth and fifth sections are deduced from the ETSl documents [2-91. The simulation model and results are given and discussed in section VI, showing the interest of our propositions. Finally, conclusions are drowning.
request, on PAGCH, by a packet uplink assignment defining the medium access mechanism. Upon packet assignment receipt, the MS transmits the data blocks acting with the RLC acknowledgment mechanism.
Three medium access modes, for uplink transmission, are supported: dynamic, extended dynamic and fixed. The MS, in dynamic allocation, monitors the Uplink State Flag (USF) field, contained in downlink blocks, in order to recognise its assigned uplink block periods. The extended dynamic allocation is a simple extension of the dynamic one adapted to deliver large volume data packets. Within this mode, a USF value indicates the assigned block periods on several PDCHs. In the case of the fixed allocation, a certain amount of assigned block periods are fixed at the establishment of the TBF. Handling with this mode, a packet uplink assignment is sent to the MS, when needed, to update the amount of assigned resources.
The scheduling algorithms

Resource allocation in GPRS system
The functions of MAC layer are related to the management of shared transmission resources (i.e., PDCHs) and control block receptions. One or more PDCHs can be assigned to a mobile station and one or more MSs can use one PDCH. The number of PDCHs, assigned to a MS, is limited by the class multislot of the mobile station. The Timing Advance Identifier (TAI) bounds the number of MSs that transmits on the same PDCH. Two MAC modes are defined: the packet idle mode where no TBF exists and the packet transfer mode where radio resource providing a TBF is allocated to MS. The MAC procedures, in both idle and transfer modes, concem cell re-selection, system information broadcasting and paging procedures. The maximum number of MSs, which are in packet transfer mode momentarily, is defined by the TFI maximum value.
A downlink transfer may be initiated by paging procedures if the MS is in STANDBY Mobility Management (MM) state. Once the MS is in "READY" MM state, the network sends a packet downlink assignment, on PAGCH, including the list of assigned PDCHs and then it transmits data blocks operating with the RLC acknowledgment mechanism. The MS monitors the assigned PDCHs and extracts its data blocks. The uplink TBF establishment, considering only one phase access, begins when the MS transmits an access request, on PRACH, and performs the access persistence control mechanism. The parameters of this mechanism (Max-Retrans, S , and 7') are defined in [I] and outlined in [4] . A new mechanism (called Access reQuest Retransmission Announced Protocol or AQRAP) is proposed in [4] toward an amelioration of MAC performance. The network responds to the access Only the uplink WWW traffic in GPRS context is considered, in order to simplify the studies. However the proposed scheduling algorithms can be used also for downlink traffic as well as for varied traffic applications. This algorithm can be furthermore used for diversified packet switching wireless networks. The MAC layer arbitrates the access to the shared medium between a multitude of MSs and the network. This layer has to manage scheduling algorithms, which define how radio resources are shared among the MSs. Two scheduling algorithms have to be defined. The first concerns the distribution of PDCHs between different MSs. It is executed at the connection establishment. This algorithm is not the subject of this paper; so, the following simple algorithm is used. Considering that the network knows the number of MSs assigned to each PDCH and a PDCHl is supposed more loaded than PDCHz if the MSs assigned to PDCH, are more numerous than the ones assigned to PDCH2. When a MS, whose multislot class is x, establishes a TBF, the network allocate the least loaded x PDCHs.
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AI A2 A1 A, As R? A6 R3 RI A7 Aa A9 Rs .. 1 1 1 1 2 2 2 2 2 1 1 2 2 1 .. 2 1 1 1 2 2 2 2 2 1 1 2 2 1 .. The second algorithm defines the allocation of block periods belonging to the same PDCH among MSs to which this PDCH is assigned. It is executed within the transmission of data blocks. This scheduling issue is also a network dependent choice and the scheduling algorithm depends on the access medium allocation mode i.e., dynamic, extended dynamic or fixed.
Referring to [IO], we would prefer a scheduling algorithm to be efficient, protective, and simple.
Efficient. An algorithm is more efficient than another one if it meets the same performance under a heavier load of traffic. Protective. It is not largely affected by abnormal traffic conditions such as load network fluctuations.
Simple. An algorithm has to be conceptually simple to allow tractable analysis and mechanically simple to allow high speed implementations.
The first scheduling algorithm, proposed in this study, is called "dynamic". The objective of this policy is to divide the bloc periods of a PDCH equitably between all the users of this PDCH. The resource assignment is updated at each new user arrival and at least at each bloc period. This mechanism operates like a set of FIFO queues (one queue per user) served by a Round Robin server whose allocation cycle is one bloc period. It is protective and efficient; just it is not simple to be implemented. Moreover, it needs an important quantity of signaling. It can be used only with dynamic allocation mode in uplink traffic.
The second proposed scheduling algorithm is called First Come First Served or FCFS. It avoids the interference of blocks originated from distinct MSs on the same PDCH. An arriving set of blocks will be transmitted together and this user monopolizes the PDCH until the end of set transmission. The other sets of blocks (new arriving originated from other users or retransmitted blocks) have to delay in a FIFO queue according to their arriving. When the current user releases the PDCH, the next set of blocks is served. If some blocks are negatively acknowledged, a new set of blocks is formed and then treated as a new arriving set of blocks. This algorithm is compatible with the fixed mode of medium access. It is simple to be conceived, analyzed and implemented but intuitively, it is not especially eficient or protective.
Within the FCFS algorithm, the retransmitted blocks grows considerably the transmission delay of a TBF because it is usually a small set of blocks which has to await the transmission of larger set of blocks originated from other users. The third proposed algorithm (called FCFS with priority) uses approximately the same scheduling policy FCFS giving a transmission priority to the set of blocks. This priority depends only on how many times the block has been sent. This policy is simple and more efficient than the first one.
The forth algorithm is called "FCFS with windows". It is characterized by an important parameter (bitmap length noted W). This parameter can corresponds to the bitmap fiend included in the packet uplink assignment in the case of fixed mode allocation. The proposed mechanism reallocates the resources (bloc periods of a PDCH) equitably among the users of this PDCH each "allocation cycle'' (s Wlx bloc periods, where x is the MS multislot class). In the beginning of each allocation cycle, the next bloc periods (within an allocation cycle) are reserved equitably for the different users. The new arriving users within an allocation cycle await the beginning of next allocation cycle to depart the transmission. The parameter W can be adapted to the application characteristics and to traffic conditions (signaling quantity and channel quality). This mechanism can be used with the three allocation modes.
It is adapted to infrequent transmission of large TBF and intermittent transmissions. It seems protective, efficient and simple to be implemented. This algorithm is studied for different values of the parameter, W.
IV. The WWW application model in GPRS
The GPRS enables the cost effective and efficient use of network resources for packet data applications that exhibits one or more of the following characteristics The GPRS network may support a set of additional services, which include: accessing information stored in data base centers on demand only (e.g., Internet's World Wide Web WWW or minitel-like), conversational services (e.g., File Transfer Protocol (FTP) service or Internet's Telnet application) and tele-action services de (e.g., credit carte validation, lottery transactions or surveillance system).
messaging services (e.g., e-mail),
In this paper, only the accessing information stored in database centers (i.e., WWW application) is considered. This application can be modeled as the non real time service proposed in [9] in order to be used as a testoperating environment in UMTS. This model consists of a session arrival process model. A packet service session contains one or several packet calls where a packet call corresponds the downloading of a WWW document. After the document is downloading, the user is consuming amount of time called reading time. A packet call constitutes of a bursty sequence of packets.
The number of packets in a packet call can be geometrically distributed random variable with a mean set to 25. The packet size distribution used is a Pareto distribution with cut-off. So, the packet size is defined as min (MaxPS, P) where MaxPS is the maximum allowed packet size, MaxPS = 66666 bytes and P is normal Pareto distributed random variable and its PDF is: F.r (x) = I 4 8 I ,5 / x)','. Assuming that the average interarrival time between packets is small enough to transmit all the packets of one packet call within one TBF, the TBF length is considered as the summation of all packets length within one packet call.
v
A packet arrival session Figure 3 . The WWW application model
V. The criteria of performance
The QoS parameters, which are defined as a user application GPRS profile in [2], are: service precedence, reliability, delay and throughput. The service precedence (priority) indicates the relative priority of maintaining the service under abnormal conditions. The reliability indicates the transmission characteristics requested by an application i.e., the probability of loss of, duplication of, mis-sequencing of or corruption of data units. The delay defines the maximum values for the mean delay and the 95-percentil delay to be incurred by data transfer through GPRS network. The throughput indicates the maximum bit rate and the mean bit rate requested by the user.
Firstly, the GPRS system will support principally best effort services. Therefore, only best effort policies are taking into account in these studies. The three performance criteria are (i) the average global throughput in the cell, which is the quantity of data received correctly in the cell, (ii) the delay requested to transmit a TBF and (iii) the packet loss rate where a packet is supposed lost if it is not received correctly. The throughput and delay considers only the TBFs correctly received. A packet corresponds to a network data unit. The simulator input is the load in the cell, which increases by increasing the MSs number in the cell.
VI.
Simulation results
The Figure 9 . The loss rate vs the MSs number
The amount of signaling needed by each algorithm corresponds to the criteria of implementation simplicity. The scheduling algorithm classification, according to their increasing simplicity, is as follows: Dynamic, FCFS with Windows, FCFS with priority and finally FCFS. The dynamic algorithm furnishes the best efficiency. However, the FCFS with Windows can compromise the simplicity and efficiency criteria.
Vll. Conclusion
In this paper, we discuss varied scheduling algorithms and their performance is analyzed by simulation methods. The definition of applications used in GPRS network and these applications modeling are discussed.
Our simulation results show the benefits of the proposed algorithm and compare the performance of the different scheduling algorithm in GPRS context.
The WWW application can give a valuable model of infrequent transmission of large volume of data. From this cause, the rule of service disciplines on GPRS performance using WWW application is under study. In this paper, the best effort service was studied. However, the introduction of guaranteed performance services in GPRS network requires more complicated studies of the scheduling issue.
